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Hydrology of the Bounty Islands 

Region 


by 

N.M. Ridgway 


ABSTRACT 

Temperature and salinity measurements made within an area bounded by latitudes 42°S 
and 50°S and longitudes 178°29’E and 173°00’W are presented and discussed. The results 
show the influence of the Chatham Rise in determining the position of the Subtropical 
Convergence east of New Zealand. The surface geostrophic flow with respect to 1000 
decibars is discussed and the effect of bottom topography on the flow of the Antarctic 
Circumpolar Current is shown. Sound velocities are calculated from the observed data, 
and velocity corrections for echo soundings are given and compared with those previously 
published. 


INTRODUCTION 


Between 20 January and 9 February 1969, a hydro- 
logical survey was carried out in the region of the 
Bounty Islands. This was the seventh and final survey 
of a series, carried out in successive summers, which 
has covered the oceanic areas around New Zealand to 
a distance of approximately 500 miles offshore. Pre¬ 
vious surveys have been reported by Garner (1967a, b; 
1970), Ridgway (1970), and Ridgway and Heath (1975). 

In the present survey 23 serial temperature/salinity 
stations were successfully occupied. These stations 
lay in an area bounded by latitudes 42°00’S and 
50°00’S, longitudes 178°29’E and 173°00’W (Stn F972 
is an outlier because of bad weather). This area 
includes parts of such bathymetric features as the 
Subantarctic Slope, the Bounty Trough, the Chatham 


Rise, and the Hikurangi Trench. These features, and 
the station positions are shown in Fig. 1. 

The weather throughout the cruise was frequently 
windy, wind speeds exceeding 5msec- 1 being en¬ 
countered at 12 stations (F950-952, 956, 958, 960, 
963, 965, 968-971). Station circumstances are describ¬ 
ed in Table 1. 

Data were collected and analysed using the same 
equipment and techniques as described in the reports 
of previous surveys (see, e.g., Ridgway 1970:8-9). 

The observed values of temperature and salinity 
at stated sampling depths, computed values of density, 
sound velocity, and dynamic height anomaly are listed 
in the Appendix. 
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DISCUSSION 


Subtropical Convergence 

One of the main hydrological features in New 
Zealand's waters is the Subtropical Convergence 
which separates Subantarctic Water from Subtropical 
Water. It is usually marked by a steep horizontal 
gradient in the surface salinity, any corresponding 
surface temperature gradient being much less pro¬ 
nounced. Garner (1962 :15) pointed out that the surface 


properties depend, in part, on climate to which 
salinity is much less sensitive than temperature. 

According to Burling (1961:26), the convergence 
east of New Zealand occupies a narrow band of lati¬ 
tude marked by surface salinity values of between 
35.0 and 34.5% 0 . Deacon (1937) concluded that 
surface water north of the 14.5°C isotherm in summer 
and the 11.5°C isotherm in winter belongs to the Sub¬ 
tropical Water mass, whereas Garnei (1959) stated 
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TABLE 1 


Station Circumstances 

Air (screen) temperatures measured and wind properties estimated at bridge level. 


NZOI 

Stn 

No. 

N.Z. DATE/TIME 

(Jan.-Feb. 1969) 

Start Finish 

STATION 

POSITION 

Bottom 

Depth 

(m) 

Air 

Temp. 

(°C) 

W I 

N D 

Latitude Longitude 
(°S) 

Direct¬ 
ion (°T) 

Speed 
m sec -1 

F948 

20/2220 

20/0030 

42 00’ 

179 

00 

'W 

2500 

18.6 

300 

4.1 

F949 

21/1120 

21/1310 

42 00’ 

176 

30 

'W 

2800 

19.5 

350 

3.1 

F950 

22/0010 

22/0415 

42 00’ 

174 

00 

'W 

2900 

18.4 

000 

6.2 

F951 

22/1015 

22/1445 

42 43’ 

174 

00 

'W 

2100 

18.9 

340 

9.3 

F952 

23/0015 

23/0200 

43 30’ 

173 

00 

'W 

1750 

15.4 

260 

6.7 

F953 

23/1152 

23/1443 

44 15' 

174 

00 

'W 

2700 

15.1 

250 

1.5 

F954 

23/2037 

23/2335 

45 00’ 

174 

00 

'W 

3200 

14.5 

180 

3.1 

F956 

25/0610 

25/0943 

48 20’ 

174 

00 

'W 

5200 

10.5 

240 

5.1 

F957 

25/2154 

26/0106 

50 00’ 

174 

00 

'W 

5200 

11.0 

310 

3.1 

F958 

28/0252 

28/0905 

48 18' 

176 

33 

'W 

4900 

11.5 

190 

6.2 

F959 

28/2010 

29/0020 

46 40' 

176 

30 

'W 

4600 

12.5 

LIGHT 

AIRS 

F960 

29/1227 

29/1540 

45 00' 

176 

30 

'W 

1800 

15.0 

010 

7.2 

F961 

31/0635 

31/0803 

44 30' 

179 

00 

'W 

900 

16.0 

010 

3.6 

F962 

31/1108 

31/1235 

45 00’ 

179 

00 

'W 

1900 

16.9 

000 

3.1 

F963 

31/2152 

1/0235 

46 40’ 

179 

00 

'W 

4000 

15.5 

000 

5.1 

F964 

1/1138 

1/1450 

48 20’ 

179 

00 

'W 

1450 

12.7 

220 

4.6 

F965 

2/0236 

2/0750 

50 00' 

179 

00 

'W 

4400 

10.0 

270 

6.2 

F966 

3/2310 

3/0130 

50 00' 

178 

45 

'E 

3400 

9.5 

290 

1.5 

F968 

4/0926 

4/1027 

48 20’ 

178 

29 

'E 

700 

11.5 

220 

9.3 

F969 

4/2250 

5/0135 

46 40' 

178 

30 

'E 

2600 

12.6 

220 

7.7 

F970 

5/1340 

5/1522 

45 00' 

178 

30 

'E 

2500 

16.5 

000 

10.2 

F971 

5/2130 

5/2334 

44 30' 

178 

30 

'E 

1350 

15.4 

200 

7.7 

F972 

8/0430 

8/0600 

44 36' 

174 

30 

'E 

800 

11.2 

180 

2.6 
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that the convergence follows approximately the 15°C 
surface isotherm in February, the 10°C surface iso¬ 
therm in August, and the 34.7 to 34.8%o surface 
isohaline with little seasonal variation. 

Heath (1975) has suggested that, east of New 
Zealand, the Chatham Rise limits the southward 
movement of the convergence, since it provides a 
physical barrier to the movement of water at depths 
below that of the Rise. Water above this depth is 
limited in its southward movement by frictional 
coupling with the water below. 


Surface isotherms and isohalines drawn from data 
obtained during the present survey are shown in Figs 
2 and 3 respectively. Surface temperatures ranged 
between 10°C in the south and 18°C in the north. No 
steep surface temperature gradients existed, but the 
gradient between 10°C and 12°C was steeper than 
elsewhere (Fig. 2). Surface salinities ranged between 
34.2%o in the south and 35.5%<^ in the north (Fig. 3). 
A relatively steep horizontal salinity gradient existed 
between the 34.4 and 35.5% 0 isohalines, particularly 
west of the Chatham Islands. East of the islands the 
34.3 to 34.9% 0 isohalines trended southwards. 
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The distribution of temperature and salinity at a 
depth of 200 m is shown in Figs 4 and 5 respectively. 
(Values at this depth would be less responsive to 
climatic variations than those at the surface.) Temper¬ 
atures at this depth (Fig. 4) varied between 6°C in 
the south to almost 14°C in the north and were, in 
general, about 4°C lower than the surface temper¬ 
atures. A relatively steep temperature gradient be¬ 
tween 8 and 13°C was present west of the Chatham 
Islands and, east of the islands, the 9 to 11 °C iso¬ 
therms trended towards the south. 


Salinities at 200m ranged from 34.8%o in the south 
to 35.2%* in the north (Fig. 5). A relatively steep 
horizontal salinity gradient between 34.5 and 35.2%© 
was present west of the Chatham Islands and, east of 
the islands the 34.6 to 34.9% 0 isohalines trended 
southwards (Fig. 5). The relatively steep horizontal 
gradients of temperature at a depth of 200 m (Fig. 4) 
and of salinity, both at the surface (Fig. 3) and at 
200 m (Fig. 5) may all be taken as representing the 
Subtropical Convergence region. The gradients may 
have been locally steeper than those shown in the 
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figures, because the distance between the northern¬ 
most zonal line of stations and those in the next line 
south was at least 280 km. The southward trend of 
the isolines to the east of Chatham Islands supports 
Heath’s (1975) contention that the Chatham Rise 
controls the position of the Subtropical Convergence. 

The more southerly position of the Subtropical 
Convergence to the east ol the Chatham Islands is 
further illustrated in the longitudinal cross-sections 
of salinity shown in Fig? 6 and 7. A sub-surface 


tongue of more saline water (>34.4%o) extended 
southwards in both sections. Along about longitude 
179°W (Fig. 6) this sub-surface tongue (represented 
by the 34.4% 0 isohaline) extended to just south of 
latitude 45°S (Stn F962), whereas along about longi¬ 
tude 174°W (Fig. 7) it extended south of latitude 
50°S (Stn F957). 

The position of the Subtropical Convergence is 
not clearly defined in the corresponding temperature 
cross-sections (Figs 8 and 9), although in the section 
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Fig. 5. Isohalines (% 0 ) at a depth of 200 m. 


along about longitude 179°W (Fig. 8) a well-developed 
thermocline, at depths between 30 and 70m, extended 
southwards from Stn F961. The 9°C Isotherm marked 
the bottom of this thermocline. North of Stn F961 this 
thermocline weakened and the near-surface isotherms 
sloped down towards the north. In the section along 
about 174°W (Fig. 9) a thermocline, marked at the 
bottom by the 12°C isotherm, extended over the entire 
length of the section. Warmer surface water extended 
further southwards in this section than in the previous 
one (Fig. 8) because the Subtropical Convergence 
lies further southwards east of the Chatham Islands 


and Subtropical Water lies to the north of this 
convergence. 

Further evidence of the position of the Subtropical 
Convergence is provided by the geopotential topo¬ 
graphic contours of the sea surface relative to 200 
decibars (Fig. 10). These contours represent the sur¬ 
face geostrophic flow relative to the flow at a depth 
of approximately 200m. North of about latitude 45°S, 
the dynamic height anomalies varied between 31 and 
37 dynamic centimetres (dyn.cm) and the surface 
geostrophic flow was directed eastwards. A second 
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Fig. 6. Vertical cross-section of salinity (% c ) along approximate longitude 179°W. Station numbers are shown. 
Dashed line indicates the depth of the core of minimum salinity water. 


31 dyn.cm contour, just south of latitude 45°S, was 
separated from the northernmost 31 dyn. cm contour 
by a slight trough in the sea surface elevation. The 
flow along the southern edge of this trough was west¬ 
wards east of this longitude. 

Using the region between the two 31 dyn.cm con¬ 
tours as defining the Subtropical Convergence, the 
position of the convergence during the period of the 
survey is illustrated in Fig. 11. Also shown in this 
figure is the position of the convergence as defined 
in the longitudinal cross-sections by the southward 


extent of the sub-surface tongues of more saline 
water. Both the geopotential topographic contours 
ana the salinity at 200 m, relying on sub-surface 
properties, give similar positions for the Subtropical 
Convergence. For comparison, the positions of the 
convergence using the surface salinity values defined 
by Garner (1959) and Burling (1961) are given on the 
same figure. All positions of the Subtropical Conver¬ 
gence in Fig. 11 show that it parallels lines of lati¬ 
tude west of, and trends southwards to the east of, 
the Chatham Islands. 
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Geostrophic Circulation 

The surface geostrophic flow relative to the 1000 
decibar surface is shown by the dynamic height 
anomaly contours in Fig. 12. Anomaly values of 1.3 
to 1.4 dynamic metres (dyn. m) were found north of the 
Chatham Islands. Previous results (Garner 1969; 
Heath 1972) have shown that the 1.4 dyn.m contour 
east of the North Island generally defines the move¬ 
ment of the East Cape Current. 


Garner (1969 .see fig. 3 and p.216) also showed 
that values less than 1.1 dyn.m indicated the Antarc¬ 
tic Circumpolar Current. Although generally eastwards 
flowing, this current flows southwards around the 
western margin of the Campbell Plateau south of New 
Zealand. The present results indicate that this current 
then flows north-eastwards along the eastern flank of 
the plateau and, upon approaching the Chatham Rise, 
turns in a clockwise direction to flow south-eastwards. 
These results confirm and extend those of Garner 



Fig. 7. Vertical cross-section of salinity (% 0 ) along approximate longitude 174°W. Station numbers are shown. 
Dashed line indicates the depth of the core of minimum salinity water. 
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Fig. 8. Vertical cross-section of temperature (°C) along approximate longitude 179°W. Station numbers are shown. 


who described a valley in the surface geopotential 
topography which reached over the Bounty Trough. 
He also noted the south-eastwards trend of the stream¬ 
lines south of the Chatham Islands and suggested 
that a planetary wave system is induced in the zonal 
flow of the Circumpolar Current by the topography of 
the Campbell Plateau. The present results also 
indicate the effect of the Chatham Rise in turning the 
flow towards the southeast 


Antarctic Intermediate Water 

Isohalines of the minimum salinity which marks 
the core of Antarctic Intermediate Water are shown in 
Fig. 13 and isobaths of the core depth are shown in 
Fig. 14. 

Salinity increased from less than 34.25%o in the 
south-west to more than 34.45%o in the north-east, 
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Fig. 9. Vertical cross-section of temperature (°C) along approximate longitude 174°W. Station numbers are shown. 


tongue-like features being indicated by the 34.25 and 
34.3% 0 isohalines (Fig. 11). As Antarctic Intermediate 
Water (formed at the Antarctic Convergence) moves 
towards lower latitudes its salinity increases by mix¬ 
ing with more saline water from above and below. 
The results obtained may therefore be interpreted as 
indicating a general spreading of Antarctic Inter¬ 
mediate Water towards the north-east. The increase 
in salinity was accompanied by an increase in the 


core depth, from less than 600m in the south-west to 
over 1000m in the north-east of the survey area 
(Fig. 14). 

Deep Water 

Deep Water, which lies below Antarctic Inter¬ 
mediate Water, is marked by a salinity maximum at 
2500 to 3000m in the region east of the Campbell 
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Fig. 10. Geopotential topography of the sea surface relative to 200dbar. Values are in dynamic centimetres. 
Arrows show the direction of the relative geostrophic flow. 


172 ° 


16 


This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License. 
To view a copy of this license, visit http://creativecommons.Org/licenses/by-nc-nd/3.0/ 































Fig. 11. Position of the Subtropical Convergence as defined by - (a) the 31 dyn. cm contours (0/200 dbar, solid 

lines), arrows show the direction of the relative geostrophic flow; (b) the southward extent of sub-surface 
water with a salinity of 34.4% 0 (dashed lines); (c) surface salinity values defined by Garner (1959) (light 
shading); (d) surface salinity values defined by Burling (1961) (heavy shading). 
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Plateau although, north of about 40°S, the highest 
salinities below the Antarctic Intermediate Water are 
found in the bottom water of the Pacific Ocean (Neu¬ 
mann and Pierson 1966 : 478). 

At Stn F957, where observations extended to a 
depth of 3343 m, a slight salinity maximum of 34.73%o 
was found at a depth of 2854 m. At Stn F958 obser¬ 
vations extended to 2863 m, and a maximum salinity 
of 34.74%o was found at this depth. 


Observations at other stations did not extend 
sufficiently deep to indicate the presence of Deep 
Water. 


Sound Velocity 

Sound velocities derived from the observed data 
were computed using the formula given by Wilson 
(1960) and are shown in the Appendix. These sound 



Fig. 12. Geopotential topography of the sea surface relative to 1000 dbar. Values are in dynamic metres. 
Arrows show the direction of the relative geostrophic flow. 

18 


This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License. 
To view a copy of this license, visit http://creativecommons.Org/licenses/by-nc-nd/3.0/ 


^^®©Q 





































velocities values supplement the work of Garner 
(1967c), who described the general configuration of 
major sound channels around New Zealand. A merid¬ 
ional cross-section showing the vertical distribution 
of sound velocity is plotted in Fig. 15. This cross- 
section coincides with the cross-sections of temper¬ 
ature and salinity shown in Figs 9 and 7 respectively. 

Minimum values of sound velocity marking the 


SOFAR channel were present at all the deep stations 
shown in the section, the axis of the channel lying 
at a depth of approximately 1250m. At Stn F957 a 
second velocity minimum was present, with its axis 
at a depth of between 200 and 300m. This minimum 
marks the "Subantarctic duct” described by Gamer 
(1967c). At all stations in the survey area which were 
sufficiently deep, minimum velocities marking the 
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SOFAR channel could be detected. These minimum 
velocities ranged between 1488.7 m sec- 1 (Stn F948) 
and 1475.2m sec- 1 (Stn F965) and were found at 
depths of between 608 m (Stn F971) and 1298m (Stn 
F949). 

Secondary minimum velocities which may be 
associated with the subanfarctic duct were found at 
all stations south of the Chatham Islands with the 
exception of Stns F953, 954, 956, 965, and 968. 


These minimum velocities varied between 1497.7 m 
sec" 1 (Stn F963) and 1487.1m sec -1 (Stn F972) and 
were located at depths of between 128 m (Stn F969) 
and 365m (Stn F971). 

The velocity and depth values quoted above were 
taken directly from the data given in the Appendix. 
Because of the spacing of the sampling depths, it is 
unlikely that the true minimum velocities in the water 
column were detected. 
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TABLE 2 


Echo Sounding Corrections 

Corrections (m) to be added to echo soundings obtained from machines calibrated at 1500msec" 1 
derived from data given in the Appendix. Corrections are shown for, three stations together with 
the appropriate area corrections from Matthews Tables. 


Depth 

(m) 

Stn 

F959 

Matthews 

Area 23 

Stn 

F966 

Matthews 

Area 24 

Stn 

F953 

Matthews 
Area 43 

200 

-2 

-2 

-2 

-4 

0 

-1 

400 

-4 

-6 

-5 

-7 

-1 

-3 

600 

-6 

-9 

-7 

-11 

-2 

-6 

800 

-9 

-11 

-10 

-14 

-3 

-7 

1000 

-11 

-13 

-13 

-18 

-5 

-9 

1200 

-14 

-16 

-16 

-21 

-6 

-12 

1400 

-16 

-19 

-18 

-2? 

-8 

-14 

1600 

-18 

-20 

-20 

-26 

-9 

-16 

1800 

-20 

-23 

-22 

-28 

-10 

-18 

2000 

-21 

-24 

-23 

-28 

-11 

-20 

2200 

-22 

-25 



-12 

-21 

2400 

-22 

-26 





2600 

-23 

-26 





2800 

-22 

-26 





3000 

-22 

-26 






Echo Sounding Corrections 

As in previous surveys of this series, the correct¬ 
ions to be applied to echo sounders calibrated for a 
speed of sound of 1500 m sec “ 1 are given in the 
Appendix. Errors which may arise using this assumed 
speed are generally corrected with tables prepared by 
Matthews (1939) for the British Admiralty. He divided 
the oceans into 52 areas, shown on charts provided 
with the tables, and gave corrections for each of 
these areas. Three of his areas (Nos 23, 24, 43) are 
included in the survey area discussed here; and in 


Table 2 the corrections calculated from data collected 
at one station in each area are compared with the 
corrections supplied by Matthews. 

The corrections derived from the station data 
(determined from the integrated mean sounding velo¬ 
city between the sea surface and each sampling 
depth) are generally smaller than those given in 
Matthews' tables. This confirms the trend in previous 
surveys of this series (Garner 1967a, 1967b, 1970; 
Ridgway 1970; Ridgway and Heath 1975) and suggests 
the desirability of a revision of Matthews' tables for 
this area. 
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Fig. 15. Vertical cross-section of sound velocity (m sec" 1 ) along approximate longitude 174°W. Station numbers are shown. 
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